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SUMMARY 
Experimental Summary 
1984 Season 
Draft No 3. 22 Nov 1984 
WATER USE OF ALTERNATIVE WHEAT8ELT CROP SPECIES 
Location: 
84MS/3669 Ex 
84M6/3669 Ex 
84M7/3669 Ex 
Merredin Research Station 
MERREDIN, Western Australia 
Three experiments were conducted to measure the productivity and water use of 
alternative wheatbelt crop species on contrasting soil types in a dry 
mediterranean environment. 
Crop species investigated were wheat, barley, cereal rye, narrow leafed lupin 
and field pea. These were grown on three contrasting soil types, a red-brown 
earth, a sandy loam over clay and a deep loamy sand; all soils occurring 
within close proximity to each other. 
Detailed measurements were made of meteorological conditions, dry matter 
production, leaf area, root growth, soil water profiles, light interception 
and plant water status. 
This report gives the background and significance of the study, the methods 
employed and results obtained. 
* CSIRO Dryland Crops and Soils Programme 
A.P. Hamblin 
M.W. Perry 
D. Tennant 
N. Turner* 
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INTRODUCTION 
1. Background and significance: 
Increasing the productivity of agricultural systems is one of the central 
themes of agricultural research. Simple field trials still form the basis for 
most research, but more and more it is realised that significant advances will 
most likely come from an understanding of the basic processes governing the 
productivity of agricultural systems. In the mediterranean environment of 
south-western Australia, productivity and water use are closely linked, and 
a.11 research to increase crop and pasture yields is indirectly aimed at 
increasing either the amount or efficiency of water use. 
Crop and pasture water use is also important because the increased drainage 
below the root zone believed to occur when crops and pastures replace native 
vegetation has raised watertables and led to extensive secondary salinisation 
of the lower parts of the landscape. Because of the extensive clearing for 
agriculture in the 1960s the potential loss of land through further 
salinisation is considerable, and it is important to know whether changes in 
land management can halt the rise in watertables. 
The problem is to maximise evaporation from the land surface. This may be 
· possible without major disruption to present farming practices through -
Max.imising crop and pasture production 
Because of the close link between water use and productivity, maximising 
dr.Y matter production through correct agronomy should maximise water 
use. Higher plant productivity is one of the keys to the control of 
secondary salinity. 
Changing crop or pasture species 
Species may differ in water use due to innate differences on water use 
efficiency or to different depths of rooting. If these differences are 
large enough, then substitution of different crops or pasture species 
may reduce drainage of water to the groundwater table. 
Changing rotations 
Crop species in general are deeper rooted and more productive than 
pastures and are believed to use substantially more water in rapidly 
draining soil types. More intensive cropping of recharge areas could 
aiso reduce drainage to the groundwater table. 
The study of water use is therefore central to two important agricultural 
problems - productivity and secondary salinity. This experiment has been 
planned as an in-depth study of productivity and water use of a range of 
important crop species. As such it will provide the basic information to 
allow us to predict crop yields and water use beyond the present experiment; 
and to estimate the role of alternate crop species in controlling groundwater 
recharge. 
2. The experiment 
The rationale for the experiments we report here was firstly that progress in 
understanding crop productivity and water use would only be make with a 
concerted effort which encompassed and quantified all of the atmosphere, plant 
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and soil sub-systems involved; and secondly that the use of three soil types 
at the same site would provide useful variation in plant response which could 
assist in interpretation and extension of the results obtained. 
Four crop species, wheat, barley, narrow leafed lupin and field pea were sown 
on three contrasting soil types at Merredin Research Station. These species 
form the major alternative crop for the dry eastern wheatbelt. Separate 
trials were established on each of three soil types chosen for their 
contrasting physical properties and water relation, but also representing 
important cropping soils in the region. 
The two major goals of the experiment were to -
3. 
(i) To investigate the relationship between productivity and water 
use for the various crop species listed in Table 2. 
(ii) To measure the components of the waterbalance and thus solve the 
waterbalance equation for the various crop species. 
Personnel: 
Western Australian Department of Agriculture 
Research Officers 
A. Hamblin 
M. Perry 
D. Tennant 
CSIRO, Soil and Water Research Unit 
N. Turner 
N. Venn 
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MATERIALS AND METHODS 
l. Environment 
a) Location 
Merredin (31°3l'S ll8°12'E) is the main centre of the eastern wheatbelt of 
Western Australia. It is located 257 km east of Perth and 400 km north of the 
southern coast of western Australia. 
b) Climate 
The climate is dry mediterranean (Koppen Csa) with hot dry summers, cool wet 
winters and a high proportion of potential solar radiation, especially in 
summer. 
Annual average precipitation is low (310 mm) with approximately 67% falling in 
the winter months of May-October. Winter temperatures are cool but seldom 
fall low enough for frost to cause widespread damage to plant growth. Summers 
are hot and dry with occasional heavy rainfall from thunderstorms and cyclonic 
weather systems. 
The growing season is characterised by opening rains in autumn or early.winter 
(April-June) followed by a winter period when temperatures and radiation 
levels are sub-optimal for crop growth. Spring is a time of rising 
temperatures and solar radiation and consequently rapidly increasing 
evaporative demand. Cereal crops reach anthesis between mid-September and 
early October and mature in a period of rapidly rising temperatures and 
evaporative demand during November and early December. A summary of climatic 
data for Merredin is given in Table l. 
Table l: Mean rainfall, maximum and minimum temperature, solar radiation 
and Class A pan evaporation for the growing season at Merredin 
A~ May Jun Jul Aug Sep Oct Nov 
Rainfall (mm) 23.6 39.4 52.3 54.6 41.4 25.4 21.1 12.2 
Max. Temp. c0 c) 25.0 20.0 16.8 15.7 17.l 20.8 24.0 28.6 
Min. Temp. (OC) 11.6 7.8 6.1 4.6 4.7 5.8 8.2 12.l 
Solar radiation MJ/d 15.9 12.2 9.7 10.4 12.5 16.9 22.7 26.5 
Class A pan (mm/d) 5.1 3.0 2.0 1.8 2.4 3.5 5.5 8.3 
c) Geomorphology 
The Merredin area is underlain by the ancient granites and gneiss of the 
Western Australian pre-Cambrian shield. Deep weathering and subsequent 
re-consolidation has resulted in extensive areas of lateritic duricrust of 
post-Tertiary age. This old plateau surface is the most extensive landscape 
feature of the area and occurs as an undulating upland surface at an elevation 
of 300-400 m. A younger plateau surface containing extensive salt lake chains 
occurs at a slightly lower elevation of 240-300 m. This is enlarging at the 
expense of the older surface and the two surfaces are connected by long 
shallow valley slopes. 
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d) Soils 
The relationship between soil and topographic position in the landscape at 
Merredin has been discussed by Bettenay and Hingston (1961) and Bettenay 
(1962). In brief, the broad flat valley floors are occupied by brown 
solonetzic soils. Their surface is brown to red-brown in colour with a sandy 
loam to sandy clay loam texture overlying a darker B horizon which contains 
accumulations of lime. At depth, these soils are underlain by strongly acidic 
material associated with the parent rock. Gilgai microrelief occurs where 
these soils are finer textured. Vegetation is dominated by Salmon Gum-Gimlet 
woodland. 
The soils of.the valley sides are more complex depending upon whether 
erosional or depositional processes have predominated during their formation. 
Their surfaces are generally grey to greyish brown with a sand to sandy loam 
texture. Large grained quartz grit and ironstone gravel generally occur 
within 50 cm of the surface. The B horizon is usually yellow-brown to 
red-brown, often mottled and containing gravel. When dry the surface of the B • 
horizon forms an indurated layer and a second concretionary layer is usually 
present within l.5m of the surface. Vegetation is dominated by York gum, 
mallee species and Acacia. 
The soils of the upland plateau surface are principally shallow gravelly soils 
overlying cemented mottled material on erosional surfaces and deeper sandier 
soils containing less ironstone gravel which occur below the plateau surface. 
These are yellow with a coarse textured surface. Texture becomes finer with 
depth with a gradual increase in gravel. 
e) Experimental sites 
Figure 1 gives the location of each trial on Merredin Research Station. The 
red-brown earth (84M5) is on a flat site on the valley floor. Adjacent, and 
only a few metres higher in elevation is the transitional soil (84M6) on the 
lower slope of the valley side. This site has a southerly aspect and a slope 
of less than s0 • The yellow earth (84M7) is located about 2.3 km to the 
north, with a north-easterly aspect and a slope of s-10°. This site is on 
the upland plateau surface and at a higher elevation than the other two. 
2. Experimental Methods 
a) Experimental design 
The five or six treatments listed in Table 2 were sown in double 40m x 12 row 
plots in a randomised block design with four replications (six replications on 
the red-brown earth). 
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Table 2: Experimental treatments, 84M5 - red-brown earth; 84M6 -
transitional soil; 84M7 - yellow earth 
Crop Cul ti var Seeding rate (kg/ha) 
Wheat 
Barley 
Narrow leafed lupin 
Field pea 
Cereal. ryet 
Bare plot 
t Yellow earth only 
Gutha 
O'Connor 
Yandee 
Dundale 
S.A. Commercial 
50 
50 
100 
120 
50 
Bare plots were included in the experimental treatments to allow the water 
balance under bare fallow to be investigated. Cereal rye was included as an 
additional species on the yellow earth because of interest in the performance 
of this species on the deep acidic yellow sands of the wheatbelt. 
b) Site characterisation 
c) Site preparation and crop establishment 
A detailed calendar of cultural operations is included in the results for each 
individual trial. Sites were cultivated following rain in April and early May 
and sprayed or re-cultivated for weed control prior to sowing. All sites were 
topdressed with 200 kg/ha trace element superphosphate (16.2 kg/ha P, 0.66 
kg/ha Cu, 0.3 kg/ha Zn, 80 g/ha ~o) and immediately before sowing the cereal 
treatments were topdressed with 100 kg/ha ammonium nitrate (34 kg/ha N). 
Seed was obtained as pedigree seed or from commercial sources (cereal rye and 
pea) • Germination percentage and seed characteristics are given in Table 3. 
Table 3: Seed germination and seed characteristics 
Crop Variety Germination 1000 Seed wt Seeding Rate Seeds/m2 
% (g) (kg/ha) 
Wheat Gutha 95 32.94 50 152 
Barley O'Connor 97 41.38 50 121 
Cereal Rye S.A. Commercial 96 18.32 52 284 
Lupin Yandee 88 168.10 100 60 
Pea Dundale 89 232.74 120 51 
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Lupins and peas were inoculated using a gum slurry within 24 hours of sowing 
and all species were sown with 100 kg/ha of plain superphosphate (9.l kg/ha P) 
at the seeding rates listed in Table 3 using a tyned combine drill. Cereal 
plots were topdressed with 50 kg/ha ammonium nitrate (17 kg/ha N) 21 days 
after sowing. 
d) Meteorology 
Solar radiation, air temperature, relative humidity, windrun and rainfall were 
recorded ajacent to the transitional soil site using a Campbell Scientific CR 
21 data logger. Sensors were monitored on a one minute cycle and the data 
averaged or summed to give hourly values. Rainfall was monitored using an 0.2 
mm tipping bucket raingauge connected to the datalogger. 
Evaporation was measured at weekly intervals in winter and on a daily basis in 
spring using a class A pan equipped with a bird guard. 
e) Crop growth measurements 
Plant density was measured 3-4 weeks after sowing on 12 x 1.83 m lengths of 
row per plot (equivalent to 4.0 m2>. 
Above ground dry matter was measured at fortnightly intervals (weekly around 
anthesis) using 2 x 0.5 m2 quadrats per plot. Sampling was systematic, one 
quadrat being taken from each end of the plot and working progressively toward 
the centre. Leaf areas were estimated from the area : weight ratio of a 
composite sample bulked from the 4 or 6 replicates for each trial and species. 
Crop heights were measured at maturity using 5 measurements per plot and for 
the cereals alone, head counts were made using 9 x l.86 m of row (3.0 m2) 
shortly after anthesis. 
f) Root growth 
g) Soil water profiles 
h) Harvesting 
Plots were hand harvested using 6 x 0.5 m2 quadrats per plot (3 x 1.0 m2 
for peas). Head number was counted on the cereals and the material oven 
dried, weighed and threshed. Lupin plants were counted and separated into 
fertile and barren plants before oven drying, and counting and hand threshing 
the pods. Seed was oven dried at 70°c prior to weighing. 
Following quadrat harvesting the plots were machine harvested using a 
Wintersteiger experimental plot harvester. For the peas a 1.5 m strip was 
taken from the centre of the plot using disc cutters to isolate border . 
material. For all other crops the machine was adjusted to harvest the inner 8 
rows of the 12 row plot. Seed shed before and during harvesting was estimated 
on 10 x 0.25 m2 quadrats per plot. 
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RESULTS 
l. Meteorol~ical data 
Table 4 lists the daily rainfall recorded at Merredin Research station 
homestead during 1984. 
Raintall - Merredin Research Station - 1984 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1 0.2 0.8 
2 6.0 0.4 
3 1.2 0.5 0.2 1.2 Tee 0.8 
4 9.0 13.6 0.2 , 5 0.8 0.9 0.4 6.8 0.4 6 4.2 4.9 2.0 0.8 1.6 
7 20.2 0.2 8.6 0.6 
8 17.6 2.0 10.0 1.4 Tee 1.8 
9 0.6 0.2 0.2 0.8 0.2 2.2 
10 1.5 0.8 .e 11 12 26.2 0.2 
13 0.1 
14 5.7 1.6 
15 8.0 
16 2.4 0.6 
17 Tee 3.0 
18 2.0 12.2 0.2 Tee 0.4 
19 1.2 
20 6.2 17.6 5.4 
21 4.5 5.0 0.4 0.4 0.4 
22 11.5 1.8 0.2 0.2 
23 0.7 0.1 Tee 4.0 0.4 
24 0.4 
25 0.4 
' 
26 16.8 2.8 1.0 
27 22.6 Tee Tee 
28 23.6 2.9 Tee 1.4 l.8 
29 0.1 5.2 0.4 
30 7.6 Tee LO 
31 
Total 
23.6 12.2 35.2 53.l 91. 7 18.6 35.8 29.2 21.4 l.8 10.6 1.8 
Average* 
11.6 14.7 20.6 21.l 36.4 50.l 46.8 36.4 22.4 17.6 14.5 13.6 
* Average of 73 years 1911-1983 inclusive. 
May-October average : 209.8 mm Yearly average: 309.3 mm 
1984: 198.5 mm 1984: 335.0 mm 
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2. Site characterisation 
3. Crop establishment 
Detailed data on crop establishment is given in the appropriate appendices. 
Table 5 lists the mean established plant densities counted 3-4 weeks after 
germination. Excluding the deep-ripped (DR) plots, establishment was in 
excess of 80% of viable seed sown for wheat, lupin and pea, but ranged from 
63-87% for the barley. Established plant densities were lower on the DR plots 
except for the peas. Cereal rye had about 70% establishment from viable seed 
sown. 
Table 5: Established plant densities 
Gutha O'Connor 
84M5 158.2 102.0 
84M6 116.4 74.2 
84M6 (DR) 91. 6 67.4 
84.M7 127.3 87.2 
4. Croe develoernent 
Plants/m2 
Yandee 
45.4 
so.a 
39.6 
50.4 
Dundale Cereal Rye 
40.6 
40.3 
39.5 
39.6 155. 9 
Tables 6 and 7 give the dates and day numbers of the important developmental 
events in the life cycles of the cereal and legume crops. Weekly development 
scores for the cereals are given in the appropriate appendix. 
Table 6: Date and day number of key developmental events for cereals -
wheat, barley and cereal rye 
Emergence Ear Ear An thesis Maturity 
Initiation Emergence 
84M5 (Sown 9 Jun - 161) 
Gutha 24 Jun - 176 24 Jul - 206 18 Sep - 262 23 Sep - 267 31 Oct - 305 
O'Connor 24 Jun - 176 18 Jul - 200 24 Sep - 268 20 Sep - 264 31 Oct - 305 
8 4M6 (Sown 31 .May - 152) 
Gutha 11 Jun - 163 9 Jul - 191 12 Sep - 256 18 Sep - 262 31 Oct - 305 
O'Connor 11 Jun - 163 l Jul - 183 18 Sep - 262 16 Sep - 260 24 Oct - 298 
84M7 (Sown 31 .May - 152) 
Gutha 11 Jun - 163 9 Jul - 191 10 Sep - 254 16 Sep - 260 31 Oct - 305 
O'Connor 11 Jun - 163 l Jul - 183 18 Sep - 262 14 Sep - 258 20 Oct - 294 
Rye 11 Jun - 163 14 Jul - 196 9 Sep - 253 26 Sep - 270 7 Nov - 312 
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Table 7: Date and day number of key developmental events for the legume 
crops - lupins and peas 
Emergence Floral First Last Maturity 
Initiation Emergence Flower 
84M5 (Sown 9 Jun - 161) 
Yandee. 24 Jun - 176 24 Jul - 206 10 Sep - 254 8 Oct - 282 24 Oct - 298 
Dundale 24 Jun - 176 24 Jul - 206 24 Aug - 237 4 Oct - 278 31 Oct - 305 
84M6 (Sown 31 May - 152) 
Yandee 11 Jun - 163 12 Jul - 194 6 Sep - 250 6 Oct - 280 24 Oct - 298 
Dundale .11 Jun - 163 12 Jul - 194 16 Aug - 229 8 Oct - 282 31 Oct - 305 
I 84M7 (Sown 31 May - 152) 
Yandee 11 Jun - 163 12 Jul - 194 6 Sep - 250 6 Oct - 280 16 Oct - 29a 
Dundale 11 Jun - 163 12 Jul - 194 16 Aug - 229 28 Sep - 272 31 Oct - 3a5 
5. Dry matter production and leaf area index 
Crop dry weights and green area indices are given in Tables 8-11. Detailed 
data, including figures, standard errors and LSD's can be found in the 
appropriate appendix. 
Table 8: Crop dry weight (OW) g/m2 and green area index (GAI) 
m2;m2. 84M5 - heavy land 
Date Day Gutha O'Connor Yandee Dundale 
' 
19 June 171 
4 July 186 2.8 a.a7 2.7 a.a8 3.8 a.a2 3.a a.a7 
18 July 2aa 9.a a.21 11.l a.24 7.6 a.as 9.4 a.19 
l Aug 214 47.2 l.a9 52.a i.a2 18.6 a .14 24.8 a.46 
15 Aug 228 138.5 2.45 139.8 2.28 46.a a.41 64.l i.a9 
29 Aug 242 297.a 3.50 3a2.a 4.66 74.2 a.56 142.3 l.8a 
6 Sep 25a 
12 Sep 256 516.3 3.34 5a9.2 3.57 138.2 a.78 261.7 3.aa 
18 Sep 262 611.8 2.79 598.7 3.a4 174.3 a.8a 
26 Sep 270 7a2.8 2.18 658.7 2.66 231. 7 a.65 38:2.8 2.78 
4 Oct 278 724.l l.4a 779 .a 3.39 314.2 a.63 462.5 i.aa 
10 Oct 284 764.a l.a4 786.5 l.65 268.7 a. 54 45a.s 
25 Oct 298 73a.7 775. 7 222.5 
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Table 9: Crop dry weight (DW) g/m2 and green area index (GA!) 
m2;m2. 84M6 - Transitional soil 
Date Day Gutha O'Connor Yandee Dundale 
ow GAI DW GAI DW GAI DW GAI 
19 June 171 1.6 0.04 1.4 0.04 4.2 0.02 2.s 0.06 
4 July 186 6.3 0 .13 6.7 O.lS 7.2 0.06 6.0 O.lS 
18 July 200 24.8 a.so 33.0 O.S9 19.4 0.14 14.2 0.29 
l Aug 214 8S.9 l.49 81.8 l.20 29.0 0 .18 27.0 0.4S 
lS Aug 228 l8S.7 1.93 176.8 2.lS 62.0 a.so ss.7 0.84 
29 Aug 242 332.8 3.06 307.8 3.03 lS4.0 1.32 97.3 0.96 
6 Sep 2SO 478.S 2.78 480.8 3.68 224.0 2.48 
12 Sep 2S6 Sl3.0 2.S7 Sll.2 3.02 319.5 2.57 214.8 1.74 
18 Sep 262 642.7 3.lS 561.2 2.80 401.8 2.27 
26 Sep 270 722.2 1.44 63S.O 1.91 480.2 1.50 281.0 2.os 
4 Oct 278 ., 10 Oct 284 860.8 1.12 827.2 1.56 472.2 0.75 337.2 0.78 
2S Oct 298 833.2 829.8 402.8 
Table 10: Crop dry weight (OW) g/m2 and green area index (GA!) m2/m2. 
84M7 - Light land, cereals 
Date Day Gutha O'Connor Cereal Rye 
DW GAI DW GAI DW GAI 
19 June 171 l.5 0.04 l.4 0.04 1.6 0.04 
4 July 186 5.2 0.11 4.3 0.11 6.3 0.15 
18 July 200 17.8 0.32 18.8 0.35 26.3 0.55 
l Aug 214 53.8 0.97 44.6 0.61 66.0 l.25 
15 Aug 228 108.0 1.32 93.2 0.94 146.8 2.00 
29 Aug 242 230.5 l.48 144.2 0.91 310.5 3.10 
6 Sep 250 247.5 1.41 174.8 l. 20 440.0 3.44 
12 Sep 2S6 286.2 l.29 182.0 0.73 511.5 3.00 I 18 Sep 262 340.8 1.16 213.8 l.10 553.8 2.75 26 Sep 270 361.2 0.57 298.0 0.60 660.5 2.18 
4 Oct 278 
10 Oct 284 507.0 0.48 302.5 0.30 713.0 l. 75 
25 Oct 298 550.5 290.2 733.5 
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Table 11: Crop dry weight (DW) g/m2 and green area index (GAI) 
m2;m2• 84M7 - Light land, legumes 
Date Day Yandee Dundale 
DW GAI DW GAI 
19 June 171 4.3 0.02 2.5 0.06 
4 July 186 6.7 0.03 5.4 0.12 
18 July 200 12.6 0.08 12.4 0.22 
1 Aug 214 23.6 0.14 16.4 0.23 
15 Aug 228 48.l 0.47 29.2 0.42 
29 Aug 242 111.5 0.93 39.5 0.47 
6 Sep 250 154.8 l.41 
12 Sep 256 185.8 1.25 100.2 0.53 
18 Sep 262 226.8 l.43 
26 Sep 270 316.2 1.26 141.3 0.48 
4 Oct 278 
10 Oct 284 356.5 0.83 112.8 0.14 
25 Oct 298 343.8 
6. Grain yield and yield components 
a) Quadrat harvest 
Tables 12 and 13 give grain yields and yield components from quadrat harvests 
of 3.0 m2 per plot. 
Table 12: Quadrat grain yield and yield components for Gutha wheat, 
O'Connor barley and Cereal rye 
(g or g/m2) 84M5 84M6 84M7 
Gutha O'Connor Gutha O'Connor Gut ha O'Connor Rye 
Heads/m2 < l) 302 510 273 470 181 287 285 
Kernels/head (2) 21.6 15.5 33.7 18.0 31.9 14 .4 29.4 
Kernels/m2 (3) 6502 7715 9240 8442 5757 4153 8381 
1000 kernel wtC2) 30.0 32.9 30.l 36.5 29.l 29.8 
Anthesis biomass<2) 702.8 598.7 642.7 561.2 340.8 182.0 
Harvest biomass<2> 695.3 7-60.0 829.0 802.0 442.0 298.5 
Grain yield(3) 195.5 248.5 277. 5 308.5 16 7. 5 . 124.3 
Harvest index 0.28 0.33 0.34 0.39 0.38 0.42 
( l) Mean of 6 m2 per plot . 
(2) Mean of 3 m2 ~er plot 
(3) Kernels perm and grain yield computer from head number derived from 
6 m2 per plot. 
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17.3 
660.5 
630.S 
144.8 
0.22 
Table 13: Quadrat grain yield and yield components for Yandee lupin and 
Dundale pea 
84M5 84M6 84M7 ---
Yandee Dundale Yandee Dundale Yandee Dundale 
P lants/m2 <1) 41. 3 54.3 50.3 
P lants/m2 < 2) 31. 0 44.5 44.5 
Pods/m2 (2) 117.5 427.3 199.8 249.8 192.3 135.0 
Pods/plant< 2) 3.9 4.5 4.2 
Seeds/pod 3.5 3.4 3.5 3.0 3.3 2.3 
1000 seed wt 77.2 158.4 100.1 200.7 112.6 191.5 
Anthesis biomass 138.1 106.0 224.0 55.7 158.4 29.2 
Harvest biomass 177. 7 461.5 413.0 374.3 293.0 163.0 
Grain yield 33.2 231.2 70.5 100.5 76.0 59.3 
Harvest index 0.18 0.51 0.17 0.41 0~26 0.36 
' ( 1) Total plant number/m2 ( 2) Fertile plants bearing mature pods 
I 
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7. Root growth 
Root lengths, given as cm per square centimeter of land surface area are given 
in Table 14. 
Table 14: Total root length (cm.cm-2 = cm-1) at five sampling dates. 
Date Day Gutha 
cm-1 
84M5 - Red-brown earth 
4 July 186 
30 July 212 
27 Aug. 240 36.8 
25 Sep • 270 42.4 
19 Oct. 293 56.5 
84M6 - Transitional Soil 
20 June 172 2.3 
18 July 200 7.9 
15 Aug. 228 37 .-8 
12 Sep. 256 77.0 
10 Oct. 284 63.2 
84M7 - Yellow earth 
20 June 2.1 
18 July 
15 Aug. 
12 Sep. 
10 Oct. 
O'Connor 
cm-1 
16.0 
37.8 
46.7 
2.7 
8.4 
23.6 
50.8 
51.6 
1.6 
-15-
Yandee 
cm-1 
3.6 
8.9 
6.3 
1.6 
1.9 
5.1 
14.8 
13.0 
0.9 
Dundale 
cm- 1 
6.9 
15.1 
7.1 
2.2 
7.2 
9.6 
9.8 
15.4 
Cereal rye 
cm-1 
2.2 
8. Water use 
Table 15 gives estimated total water use (soil evaporation + transpiration + 
drainage) and water use efficiencies for the five crops and three soil types. 
Table 15: Total water use (mm) and water use efficiencies (WUE) for biomass 
and grain (both in kg/mm). Bare plot water use: 
84M5 = 138 mm 
84M6 = 140 mm 
84M7 = 126 mm 
84M5 - Red-brown earth 
Total water use 
WUE (Biomass) 
WOE (Grain) 
84M6 - Transitional soil 
Total water use 
WUE (Biomass) 
WOE (Grain) 
84M7 - Yellow earth 
Total water use 
WOE (Biomass) 
WOE (Grain) 
Gutha 
165 
42 
11 
223 
37 
10 
177 
25 
7 
O'Connor 
-16-
180 
42 
13 
207 
39 
13 
152 
20 
5 
Yandee 
147 
12 
1 
225 
18 
2 
206 
14 
2 
Dundale 
138 
33 
8 
193 
19 
6 
156 
10 
1 
Rye 
206 
32 
4 
• 
I 
